I N T R O D U C T I O N
In the past, great efforts have been made to design suitable culture media, isolation te&niques and elaborate culture conditions, but oflcen the possibility that the organisms may be poisoned prior to the start of the actual experiment has not been taken into consideration. In this paper all materials are religiously tested which come into contact with marine organisms from the moment of collection to actual experimentation. The results show that, on many occasions, the outcome of the experiments is seriously impaired by the toxicity of materials used during sampling, storage and experimentation. Table 2 Toxicity of gloves used for handling glassware and other laboratory items. + + + + normal growth rate; + + + slightly inhibited growth ate ~+ 5 oi r ; -0 ,0 normal growth rate; + no growth, cells alive; 0 no growth, cells dead 
MATERIAL AND METHODS
In Table 1 are listed all products tested, together with their uses in our laboratory. These products include nylon used for plankton nets and "Balco paste" and "Silicon SE 1201" used to glue nylon tissue; polypropylene used for hydrographic cables; perspex used for constructing VAN DORN samplers; PVC employed for constructing messengers; membranefilters; various components of the SEIvz filter apparatus used for preparing sterile culture media; and various kinds of tubing employed in continuous cultures or running seawater systems. Among the substances tested were the highly toxic common red rubber tubing and the toxic Vipla (plastified polyvinylchloride) tubing which have gained equally wide distribution in modern laboratories.
Furthermore, widely used plastics such as polyethylene, artificial silicone rubber, and detergents for washing glassware, as well as gloves used for handling the glassware, have been considered. The biological activity of a paint and its effectiveness to cover a lead weight has also been studied.
The phytoplankton species Leptocylindrus danicus, Chaetoceros danicus, C. curvisetum, Coccolithus huxleyi, Phaeodactylum tricornutum and Prorocentrurn micans, and the copepod Euterpina acutifrons from our culture collection were used in the tests.
Natural seawater (SW) collected at station A off the coast of La Spezia with the "air-bubble-lift", which had then been "aged" for one month in the dark at room temperature, enriched with 0.2 g NaHCOa, 0.02 g NaHPO4 12H~O and 0.1 g NaNO3 per liter (RSW), and the same enriched seawater with an addition of 50 ml soil extract (EtRSW) per liter were used as culture media for phytoplankton. The soil extract was prepared by autoclaving (0.5 atm, 20 rain) 10 g of dry soil (collected at an undisturbed location) together with 10 ml of quarz-distilled water and then filtered whilst still hot.
The sea urchin (Arbacia lixula) larvae originated from eggs and spermatozoa obtained from sea urchins collected in the Gulf of La Spezia near the Fiascherino laboratory. Arbacia lixula larvae were chosen since, in earlier work, these larvae had been shown to be very sensitive to contaminations (BERNttARD 1955) . The culture media of the sea urchin tests were RSW-medium and RSW-medium with an addition of 10 -4 tool EDTA (VRSW). Several pairs of sea urchins were used to obtain fertilized eggs, but only batches of those pairs which showed more than 90°/0 membrane elevation were used in the tests (B~I~NHAR1) 1955). The pH of all media was brought to a value of 8.1 + 0.1 with diluted NaOH. All tests were carried out in a culture room at 18 ° C under artificial illumination (fluorescent lamps; 12h).
Experiments with Euterpina acutifrons were carried out in RSW-medium and the copepods were fed with a mixture of Platymonas suecica, (13~) Dicrateria sp. (fla) and Platyrnonas sp. (fl4a). The phytoplankton tests were conducted in test tubes and the tests with Euterpina acutifrons and Arbacia lixula larvae in Boveri dishes. Before testing, all materials were thoroughly washed with "Omo", one of the detergents which have been proved non-toxic (see below), and rinsed repeatedly with deionised double quarz distilled water.
The glassware was washed and handled with "Marigold" gloves although the material of which "Marigold" gloves are made proved to be toxic when suspended in algae cultures.
No suitable non-toxic gloves are available to date (Tab. 2). The materials were washed and handled with "Lux" surgeons' gloves which allow growth of Leptocylindrus danicus, but whi& are too slippery and delicate to handle wet glassware (Ignis neutro Murano or Jena 20). All materials were tested at least 3 replicates. After vigorous cleaning, the materials were added to the culture medium and remained in the culture vessel during the experiment. In some tests the materials were autoclaved in the culture media (0.5 arm, 20 rain). These materials were autoclaved twice successively in new medium and the medium of the second autoclaving was used in the tests without the materials. Obviously, some materials did not withstand autoclaving.
RESULTS
E f f e c t s o n p h y t o p l a n k t o n Table 3 presents results obtained in previous experiments (BgF, NRArd3 et al. 1966 ) and in new experiments. In these experiments the materials, after thorough cleaning, were added to the alga medium and remained in the culture vessel during the experiment. All products were tested at least three times. Four different estimations of growth rates were made; the mean of these estimations is listed in the table. The tests were carried out in natural enri&ed seawater (RSW) and in natural enri&ed seawater plus soil extract (EtRSW), in order to test whether heavy metal contamination may be compensated by &elation of the soil extract.
The materials are listed in increasing order of inhibitory effects, ranging from materials whi& showed no effects at all to the very widely used rubbers and plastified polyvinyl chlorides which are highly toxic. Several components of plastic materials were tested individually. The results (Tab. 4) show that single components are much more toxic than the final material. That means careful cleaning of plastic materials is necessary to avoid toxicity effects from their components.
In other experiments the test materials were autoclaved. These were materials which are either normally autoclaved or which are used so widely that they should be tested under more stringent conditions. The tests were carried out in the medium which remained aPcer the second autoclaving. The autoclaved materials had been removed before the tests. Again, the materials are listed according to their relative toxicity (Tab. 5).
As can be seen, the original Seitz filtration apparatus should not be used for preparing media, as several components of this apparatus are toxic. They must be substituted by non-toxic materials.
Test tubes with screw caps are very useful for phytoplankton work. Since bakelite caps are toxic (personal communication of Dr. PROVASOLI) two types of screw caps have been tested. Polypropylene caps are non-toxic. Nylon screw caps seem to lose toxicity with successive sterilisations; this phenomenon may be due to leaching of substances from the nylon. Table 3 Compatibility of marine algae with various materials. (Based on new information and data from B~; RNmtRD et al, 1966) , Degree of toxicity expressed in the same way as in legend to Table 2 ( Table 4 Toxicity of some constituents of plastic materials. For degrees of toxicity consult legend to Table 2 . Because of the low solubility of the components Araldit, Tensol Cement no 7 (component A) and Gabraster, one drop of material (0.0135-0.0211 g) was added to 100 ml seawater medium and leR overnight. Then the medium was diluted with new medium according to the dilution rates given in the Table 6 Toxicity of zinc, copper, chromium and cobalt for PhaeodactyIum tricornutum and Coccolithus huxleyi. For degrees of toxicity consult legend to Heavy metal toxicity has been blamed for the inhibition of growth and development in marine organisms; it was, therefore, interesting to test the sensitivity of some phytoplankton species to heavy metals. Some preliminary results are given in Table 6 . Phaeodactylurn tricornutum and Coccolithus huxleyi showed marked differences in their sensitivity to zinc, but practically no difference was noticed in the sensitivity of the two algae to copper, chromium and cobalt. Comparing the critical test concentration at which an effect can be noticed with the normal concentration of these ions in the seawater, we noted that the normal concentration of copper in seawater is only about 15 times lower than the maximum test concentrations tolerated, the corresponding value for zinc amounts to about 30, for chromium 150,000 and for cobalt 20,000. Therefore, small additions of copper and zinc can easily exceed the tolerance concentration of the organisms for these ions. Table 7 Effect of various detergents on Arbacia lixula larvae and three phytoplankton species. For degrees of toxicity consult legend to Table 2 Finally, 6 detergents have been tested. As can be seen from Table 7 the detergents have slight or no effect in the concentrations at which they normally remain on the surface of glassware; however, higher concentrations should be avoided.
E f f e c t s o n a d u l t s o f E u t e r p i n a a c u t i f r o n s a n d s e a u r c h i n l a r v a e
In addition to the tests with phytoplankton species, several materials have also been tested in regard to their effects on adult Euterpina acutifrons and larvae of Arbacia lixula. The results obtained with Euterpina acutifrons are shown in Table 8 . Certain materiais reduce considerably the survival time of this copepod. The strongest inhibition, similar to that in the phytoplankton experiments, is caused by Vipla and rubber.
The tests with sea urchin larvae were carried out in RSW and VRSW in order to see if the E D T A would chelate eventually released heavy metals (Tab. 9) . N o significant difference between the two media was, however, observed; therefore, it seems unlikely that the inhibition observed is due to heavy metal poisoning. The most striking effect was obtained from the rubber band t used to trigger the VAN DOWN Sampler. This rubber band was later substituted by rubber band II. The influence of detergents on the larvae development was negative for very high concentrations only. Low concentrations seem to favour the development (Tab, 7).
CONCLUSION
The few data from literature (e. g. DYER & RICHARDSON 1952 , ll, OBERTSON 1968 and results obtained on phytoplankton, Euterpina acutifrons and larvae of the sea urchin Arbacia lixula have led our laboratory to take special precautions when working with living organisms.
VAN DORN and ZoBELL samplers and plankton nets have been constructed of entirely non-toxic materials. The VAN DORN sampler was built using Perspex tubing for the body and white polyethylene funnels for the closing cups. In constructing the ZoBBELL sampler we used red PVC for the apparatus itself and artificial silicone rubber for the bulb and the tubing.
The triggering device of both samplers is made of Perspex or PVC, nylon thread, stainless steel with water tight covering of polyethylene tubing, and a rubber band of the II type. Clamps to fasten the samplers onto the polyethylene hydrographic cable are made of Perspex or PVC. The messengers are white PVC cylinders filled with lead.
Incidently, the commonly used bulb of red and bla& rubber and the rubber strings to close some VAN DORN samplers and the rubber bulb of the original ZoBELL sampler are highly toxic.
The lead weights are covered with watertight polyethylene sheets or with glass reinforced Gabraster. The plankton nets are constructed from stainless steel rings covered with watertight polyethylene tubing. The cloth is nylon glued with non-toxic Silicon SE 1201 instead of "Balco" glue. The bu&et and the screws of the bu&et window are PVC or perspex; the ropes are made of polypropylene or nylon.
Collecting large amounts of seawater for culture purpose also presents problems. Metal pumps obviously cannot be used. The plastic membrane pumps purchased by our laboratory had a Neoprene membrane which proved to be toxic and thus, had to be substituted by an artificial silicone rubber membrane. This membrane, however, had a very short life span. At present, we are utilising either a PVC centrifugal pump, or a peristaltic pump, or an "air-bubble-liPc" (BERNHARD & MACCm 1966) with tygon tubing.
All non-sterile samples are stored in white polyethylene bottles; sterile samples are kept in glassware, usually closed with non-toxic screw caps. All work at sea is done with plastic cables of a 6 and 12 mm diameter polypropylene woven thread. Formerly, nylon cables were used. These cables have great advantages over the usual metal cable. Apart from metal contamination of the sample, they need no maintenance, because they do not rust; they do not cut the hands of the operator; they are practically weightless in seawater and, therefore, the winches do not need to be so powerful when working at great depth. Finally, they are much less expensive. The only precautions to be taken are to avoid sharp edges, if metal clamps have to be used.
It may interest persons who are hesitant to use plastic hydrographic cable to hear that since 1959 in all our work (biological and non-biological) we have used polypropylene (and formerly, nylon) cables as hydrographic wire even when working at depths greater than 2,000 m. In all these years we have only once lost a series of high speed plankton samplers.
Further interesting information concerns our 18 m ship. Its wooden hull was covered with Gabraster and more than three years' experience have shown that it is much easier to keep the hull clean; in the long run, the use of Gabraster instead of paint has made maintenance more economical. Gabraster is non-toxic and, therefore, no toxic anti-fouling substances can leach into the surrounding seawater.
Continuous culture experiments (ZATTEI~A 1966) carried out in our laboratory have shown that it is extremely difficult to clean plastics like nylon and PVC once they have been dirtied in the workshop. After several trials, we settled for an all-glass vessel, rotating back and forth, and closed with a glass stopper. The flowing system consisted of tygon tubing and a peristaltic pump. The avoidance of toxic materials has certainly facilitated the cultivation of marine organisms in our laboratory. Our culture collection contains, at present, more than 100 strains of known and unknown flagellate species. So far, only our attempts to start unicellular cultures of Ceratium sp. failed. H o w careful one has to be when working with different materials, is also illustrated by an experiment on the zinc concentration of natural seawater to which various materials had been added (Tab. 10). Some materials absorb zinc from, others release zinc into the seawater. SUMMARY 1. Using 6 phytoplankton species and/or the copepod Euterpina acutifrons or larvae of the sea urchin Arbacia lixula the potential inhibitory effects of chemicals released from some 70 different materials (mainly plastics) have been tested. In addition, the effects of 6 detergents have been examined.
